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Cracking Behavior of Multipass Fillet Weld
in HY 80 Type HT 70 Steels
By
Takuya Kobayashi and Hiroshi Tamura

Cruciform-shaped and tee-shaped weld cracking tests were performed to make clear the effects
of different conditions on the cracking behavior of multipass fillet weld in eight of HY 80 type
HT 70 steels developed in Japan.

In the cruciform-shaped weld cracking test under severe welding conditions, a few test steels
developed various welding cracks including a crack in the heat-affected zone originating from the
weld root, which had seemingly been caused by hydrogen. These cracks could be prevented by
application of a high preheat and interpass temperature and adoption of a fully re-dried coated
electrode. In steel U38 having a particularly high carbon equivalent and great plate thickness among
the test steels, even under this crack-preventive condition the heat-affected zone developed a crack
originating from the weld root, which was considered a hot crack due to liquation of constituents
on the grain boundary.

In the tee-shaped weld cracking test on two test steels which was carried out under as severe
welding condition as the cruciform-shaped weld cracking test, development of welding cracks with
great similarity in microscopic nature was observed. It was revealed that these cracks would not

occur in single-pass welding, except under severe restraint; it did occur in two or more pass

welding; and the time of crack occurence differed depending on the welding conditions.
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Fig. 2 Details of the sectioning and inspection procedure for cruciform-shaped specimen.
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Table 1 Chemical compositions and mechanical properties of tested quenched and tempered steels

; 4 ‘
' Check analysis (%) Ceq* | Y.S. | TS.  Elong.
Designation | Thickness | : Sol gy o8
(mm) C \ Si Mn P S Cu Ni « Cr | Mo | 5 Other (%) |(kgmm?)|(kg/mm®) 2”(%)
A30 30 } 0.15 0.28] 0.29 | 0.010 0.012]0.07 2.60 1.27 0.35| 0.011 - 0.62 } 62.5 | 727 | 30
B30 30 0.13 [0.32| 0.50 | 0.017 | 0.010 | 0.13 | 2.35 1.10|0.34 | 0.027 ' 0.59 | 60.0 | 70.0 | 45
C30 50 0.09 |0.22| 0.36 | 0.009 | 0.011 13.00 1.6 0.34 | 0.010 Y 0005 | 0.55 & 62.3 | 68.5 | 30
D30 30 0.10 | 0.34| 0.70 | 0.008 | 0.005|0.15 | 2.43 0.22|0.20| 0.010 039 | 685 | 76.0 23
E30 30 (0.11 [0.20| 0.24 0.011 | 0.009 2.51 | 1.12 | 0.30 (0.018)** l 0.52 | 59.1 67.8 ’ 27
U3s 38 0.18 |0.23| 0.31 | 0.010 | 0.008 | 0.13 | 2.99 | 1.47 | 0.46 \ 073 | 62.8 | 75.5 | 28
NA20 20 0.16 | 0.28 | 0.36 | 0.015| 0.007 2.25 1 1.20 | 0.42 ! 0.63  77.1 | 86.2 | 20
NB20 20 0.16 [ 0.23| 0.60 | 0.019 | 0.009 }2.65 0.47 | 0.45 048 | 745 | 796 | 26
* Ceq (9)=C-+1/24 Si+1/6 Mn+1/40 Ni+1/5 Cr+1/4 Mo+ 1/14 V.
** ] adle analysis.
Table 2 Chemical compositions and as-welded mechanical properties of all-weld-metals of test electrodes
.| AsSW Diameter Chemical composition (%) Y.S. | T.S. | Elong. | »E—n
Designation lassificati - oy ]
classification | (mm) c \ Si ] Mo | P } s | Ni \ Cr (ke (kghnm?) | 2 (%) | (sg-m)
70A E10016G 4 0.06 | 0.34 | 0.97 ' 0.012] 0.008 | 2.55 | 0.51 63.1 | 714 | 26 | 6
70B E10016G 4 0.06 | 0.48 | 1.11 | 0.013 0.011 | 2.91 Mo 090 | 645 75.0 | 24 6
|
|
80A E11016G 4 0.06 | 0.44 | 1.35  0.014| 0.010| 2.80 | 0.20 | o008 | 758 | 839 | 2 7
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Table 3 Summary of welding conditions* used in preparation of cruciform-shaped Specimens

Sredmen | s | et Spuimere | ectrsment of, | P e T
Al A30 70A S Dry 100 10
A2 ” ” R ” ” ”
A3 ” ” S Wet <50 ”
A4 ” ” R ” ” ”
Bl B30 ” S Dry 100 ”
B2 ” ” R ” ” ”
B3 ” ” S Wet <50 ”
B4 ” ” R ” ” ”
C1 C30 ” S Dry 100 ”
C2 ” ” R ” ” ”
C3 ” 4 S Wet <50 ”
C4 ” ” R ” ” ”
D1 D30 ” S Dry 100 "
D2 ” ” R ” ” ”
D3 ” ” S Wet <50 ”
D4 4 ” R ” ” ”
E1l E30 ” S Dry 100 ”
E2 ” " R " " "
E3 ” ” S Wet <50 "
E4 ” ” R ” ” ”
Ul U3s 4 S Dry 100 12
U4 " " R Wet <50 "

NA2 NA20 80A R Dry 100 7
NA4 ” ” R Wet <50 ”
NB2 B N20 708 R Dry 100 ”
N B4 ” ” R Wet <50 4

* Welding current—180 A; Welding speed—150 mm/min.; Arc voltage—23V.

** S—Standard specimen; R-—Restraint specimen.

#*¥* Dry—Re-dried at 400°C for 1 hr.; Wet—Stored in a high humidity atmosphere for 3 days or more.
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Fig. 3 Tee-shaped specimen

Table 4 Summary of welding conditions* of tee-shaped specimens for steel NA20

Specimen number eggﬁrﬁo Specimen* Pretrzg;ﬁilm of Pﬂ?@:féa?? ¢ N “mbers of
electrode*** temp. (°C) passe
1A 80A DB Dry <50 8
2A, 3A ” ” Wet ” ”
4A ” ” Dry ” 5
5A, 6A 70B S B ” 100 ”
7A 80A DB Wet <50 ”
8A, 9A 70B S B ” » »
10A, 11A ” S ” ” ”
12A, 13A 4 SB ” 100 ”
14A, 15A, 16A, 80A DB Dry <50 3
17A ” ” Wet ” ”
18A ” ” Dry ” 2
19A, 20A, 21A, 22A ” ” Wet ” ”
23A ” ” Dry ” 1
24A, 25A, 26A, 27A, 28A ” ” Wet ” ”

* Welding current—170 A; Welding speed—150 mm/min.; Arc voltage—30 V.
#* DB—No-restraint double bevel groove; SB—No-restraint single bevel groove; S.—No-restraint square

goove.

#* Dry—Re-dried at 400°C for 1 hr.; Wet—Stored in a high humidity atmosphere for 3 days or more.
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Table 5 Summary of welding conditions* of tee-shaped specimens for steel NB20

Spedmen || Coted | e | Frtventynt o costed | Frehst s | Namber o

1B, 2B 70A SB Dry <50 6

3B, 4B 4 R ” 100

5B, 6B ” SB Wet ” ”

7B, 8B ” ” ” <50 5

9B, 10B 4 R ” 100 ”
11B, 12B ” S B Dry <50 4
13B, 14B ” R ” ” ”
15B, 16B ” ” Wet 100 ”
17B, 18B ” SB Dry <50 2
19B, 20B ” ” ” 100 ”
21B, 22B " ” Wet <50 ”
23B, 24B ” ” ” 100 ”
25B, 26B ” R Dry <50 ”
27B, 28B ” ” ” 100 ”
29B, 30B ” ” Wet <50 ”
31B, 32B ” ” ” 100 "
33B, 34B ” SB Dry <50 1
35B, 36B ” ” ” 100 ”
37B, 38B ” ” Wet <50 ”
39B, 40B ” ” ” 100 ”
418, 42B ” R Dry <50 ”
43B, 44B ” ” ” 100 ”
45B, 46B ” ” Wet <50 ”
47B, 48B ” ” ” 100 ”

* Welding current—170 A; Welding speed—150 mm/min.; Arc voltage—30V.

** SB—No-restraint single bevel groove; R—Restraint single bevel groove.
*¥%*% Dry—Re-dried at 400°C for 1hr.; Wet—Stored 70 hr at 35°C and 93% relative humidity.
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Table 6 Summary of results of cruciform-shaped weld cracking tests on eight HY 80 type HT 70 steels

Preheat &

HAZ root cracking (%)

Weld metal cracking (%)

Specimen Pretreatment of . Specimen
no Steel coated electrode interpass type !
. temp. (°C) % F1 l F2 ‘ F3 ‘ F4 ‘ Average| F1 ‘ F2 i F3 ‘ F4 | Average
Al A30 Dry 100 S 0 0] 0 0 0 0 0 0 0 0
A2 ” ” ” R 0 0 0 0 0 0 0 0 0 0
A3 ” Wet <50 S 0 0 0 0 0 0 0 0 0 0
A4 ” ” R 0 0 0 0 0 0 0 0 0 0
B1 B30 Dry 100 S 0 0 0 0 0 0 0 0 0 0
B2 ” ” ” R 0 0 0 0 0 0 0 0 0 0
B3 ” Wet <50 S 0 0 0 0 0 0 0 0 0 0
B4 ” ” ” R 20 0 80 20 30 0 20 0 0 5
(20)* (5)*
Cl1 C30 Dry 100 S 0 0 0 0 0 0 0 0 0 0
C2 ” ” ” R 0 0 0 0 0 0 0 0 0 0
C3 ” Wet <50 S 0 0 0 0 0 0 0 0 0 0
C4 ” ” ” R 0 0 0 0 0 0 0 0 0 0
D1 D30 Dry 100 S 0 0 0 0 0 0 0 0 0 0
D2 ” ” ” R 0 0 0 0 0 0 0 0 0 0
D3 ” Wet <50 S 0 0 0 0 0 0 0 0 0 0
D4 ” ” ” R 0 0 0 0 0 0 0 0 0 0
El E30 Dry 100 S 0 0 0 0 0 0 0 0 0 0
E2 ” ” ” R 0 0 0 0 0 0 0 0 0 0
E3 ” Wet <50 S 0 0 20 0 5 20 40 0 0 15
(20)* (5)*
E4 ” ” ” R 20 0 40 0 15 0 0 0 0 0
(20)* (5)*
Ul uUss Dry 100 S 0 67 33 33 33(8)* 0 0 33 0 8
(33)* (33)*4  (33)*K (17)**
U4 ” Wet <50 R 100 0 67 33 50(8)* 0 0 0 100 25
(33)* | (33)** (8)**
NA2 NA20 Dry 100 R 0 0 0 0 0 0 0 0 0 0
NA4 ” Wet <50 R 100 40 30 20 60 0 40 40 20 25
(40)**  (20)%% (20)%* (20)**
NB2 NB20 Dry 100 R 0 0 0 0 0 0 0 0 0 0
NB4 ” Wte <50 R 40 0 80 0 30 20 0 20 20 15

* HAZ toe cracking.

** Bond cross cracking.




Photo 1 Various welding cracks developed in
cruciform-shaped spcimen of steel B30 (x 2)

AEBRA A OBRENTIE A M e R4 T, ho
PEEIIC K HERTHNE SRR Z LD THI VT &
b,

Photo 1 1254 L 2 fh v Kl < 7 m 4 TR
Lz,

B fg_ HAZ root cracking 1_2

Z16f  F1

*uF [

= 12}

1o0f

S8

=00 0on

= 9l v &

§ 0 g 7, 7 7

“f 8 Weld metal cracking

T 6 F2 .

3 4 Fl 07

E'S' 2r /] %
L0

Fig. 4 Cracking tendency of four fillets in
cruciform-shaped specimen
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Table 7 Symbols for various cracks in
tee-shaped specimens.

Crack Illustration Symbol
No craking O
HAZ root crack in
horizental plate & L
HAZ root crack in -
vertical plate
HAZ root cracks in
horizontal and verti- o
cal plates
Bond cross crack, & )
type 1
Bond cross crack, & & (=)
type Il
HAZ microcracks ®
in horizontal or verti-
cal plate
HAZ toe crack
in horizontal or verti- & gé] (of
cal plate
Weld metal crack % l% A




Table 8 Effect of number of passes on multipass fillet weld cracking in steel NA20

Pretreatment of coated electrode
No. Wet* Dry**
pagies Speci- No. of section for examination Speci=|  No. of section for examination
men men
no. 1 2 3 4 5 6 no. 1 2 3 4 5
W |0 | @ | @ | @ | @ | @
8 n e e e ec e e mw e | o0 |lo0o| e | e
5 | 7A QDA @ | O CAA| A | @ | @ | @ | @ | —
AL O | O |]O | O —
3 || @ | @ @De@® @ |@® A OO 0O | 0O | —
A O O O | O | —
WA OO |e@ | O | a0
WA AD O | O | O | D | @
2 mloled o oo BALO|O|O|O|O
2A | O O | ® | O
A, 00O ]O0O 0|0 |0
BA)O | OO |O|0O|O
1 | %A O | O |]O | O |O BA| O OO |0O |0
WA OO |0 |00 |0
A OO J]O|O|O|O
Notes: 1. Specimen: no-restraint double bevel groove

2. Coated electrode: 80 A.

3. Preheat and interpass temp.: below 50°C.
* Stored in high humidity atmosphere for 3 days or more.

#* Re-dried at 400°C for 1 hr.
Bhhv & B 80A RHAIWT 5 R AWHELORR TS
%5, HAZ L~ bz ETs0s0nsln
VI, WiRHEE VI, &5V PR S AR
50°C DIT oW aicsed U, iliber Al % LIRS,
FEOARIREZ 100°C KD 5 e gE L
{5 EPHLPLTH D,
Table 10 13, # NA20 ORERIRA RS 2 M
PR LB R 2 Mgk (7T0B) 12X b 5 X A&k
Table 9 Effects of pretreatment of coated electrode
and preheat interpass temperature on multipass

OFRTH B, VBRI TR, HAZ L~ bRz h
LE LIV BV B IS BN 5 < Rtk Lo,
UBATCIE, Sk Liclina ks ns i & main
THh -7,

Table 11a X U'bix, FhFhM NB20 OHH
Uk XOWHRAS A &, WM T0A T LI
HORRTH D, TF, Table 1la OHH 7 LatEr /)b
ORERTIE, FEROSAMNREDR 50° CUTOME, B

Table 10 Effect of groove geometries on
multipass fillet weld cracking in steel

fillet weld cracking in steel NA20 NA20.
Pretreatment of ﬂii?ﬁiﬁs& Specimen No. of section for examination Specimen No. of section for examination
coated electrode | on tie no. 1 2 | 3 4 5 6 Groove o, 1 ) 3 1 5
j 52 |@A|OA| © |00 @D] —
Pordinalish | <0 T 0 | @ (00 |0 A 8O — Singe |3 @ADOAl @ QD@D
sherelorSdavs [T x| 0 |00] @ [ © [00] 0 bevel MW 0| @ |@D|ea|®®
or more: B |Ojle@|e@|@l OO0 o A @Al A | A QA A
<50 W |lej|@|e|e| — | - quare
Baked at 400°C A Tolololololo 1A A A A A A
for 1 hr. 100
i ]O]OJO Q[0 |0 Notes: 1. Specimen: no-restraint.
Notes: 1. Specimen: no-restraint single bevel 2. Coated eletrode: 70B (wet).
groove. 3. Preheat and interpass temp.: below

2. Coated electrode: 70B.
3. Number of passes: 5.

50°C.
4. Number of passes: 5.
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Table 11a

Effects of pretreatment of coated electrode, preheat and interpass temperature and

number of passes fillet weld cracking in no-restraint single bevel grooved specimen of steel NB20

Pretreatment of coated electrode*
interpass {passes | Speci- No. of section for examination Speci-¢ No. of section for examination
temp. ( °C) men men
no. 1 2 3 4 5 6 no. 1 2 3 4 5 6
6 B @ | @ | @ |@ | @ | O
| ® | 0 0| @ | @ | @
s LB & ® @A OO0 |0
B|O | @@ @ |@!| A
<50 4 uB | O | O CO|l0|e@ |0
2O | @ | @ |0 | & | A
, a0 [Ole[O[0 |0 |[u|O[O|O[O|O]O
WO |0 |0 O0O]O0O|]O|IB]OJO]J]O]JO|O]|O
, 1O 1010100080000 |0 |0
BB, OO ]O0O]O0O|O0O|]O|MBBO|OO|O|O]|0O
6 5Bl OO | O | @® 0|0
B1O| O O |O| A|O
10 , BB OO0 OO |O0OIWB OO |O|]O|O|O
B/ O OO, 0|00 wB|]OJO|]O|O|0O |0
1] OO0 000 |%|O0]O0]|O0[O0 0|0
WO 0|0l O0O[0O0|O[|]O| O |00 |00
* 70 A.

** Stored 70 hr at 35°C and 93% relative humidity.
*¥% Re-dried at 400°C for 1 hr.

Table 11b  Effects of pretreatment of coated electrode, preheat and interpass temperature and number
‘of passes on multipass fillet weld cracking in restraint single bevel grooved specimen of steel NB20

(106)

Pretreatment of coated electrode*
o O 7 I
interpass | passes | Speci- No. of section for examination Speci- No. of section for examination
temp. 1°C* men S e -— men - R B e At
no. 1 2|3 415 | 6 | n v ]2 13 4 5 | 6
. o B3O OO |O O |O
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* 70 A.

** Stored 70 hr at 35°C and 93% relative humidity.
##k* Re-dried at 400°C for 1hr.
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THICKNESS DIRECTION
OF HORIZONTAL PLATE

(a)
Photo 2 HAZ root crack developed in cruciform-shaped specimen of steel U38
(a) x38x1/2 (b) x300x1/2

* Table 1la ®z DAIETIE, 3 < ABIEADEES L%, Table 6 O TFHEHNARE Fr b, 5~6 ¢
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[ THICKNESS DIRECTION

OF HORIZONTAL PLATE

(b)

Photo 3 HAZ root crack developed in eight pass welded tee-shaped specimen of steel NA20.
(a) x38x1/2 (b) x300x1/2
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root cracks developed in cruciform-shaped specimens. IR AT X0 kY 700°C WinghE e & HE

(a) Steel B30 (x3000x 1/2) WENBHRIZ E CLELFEEL TS, ZDIk
(b) Steel U38 (x3000x 1/2) % Photo 6 iofif Lic A7 » FIMTR Lz,

(b)
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(a) (b) (¢)
Photo 5 Distributions of elements in the area containing HAZ root crack developed in
cruciform-shaped Specimen of steel U38.
(a) Absorbed electron image. (b) X-ray image of sulpher. (c¢) X-ray image of manganese.

THICKNESS DIRECTION
OF HORIZONTAL PLATE

HEAT AFFECTED ZONE

Photo 6 Bond cross cracks developed in two pass welded tee-shaped Specimen of steel NA20
(a)x38x1/2 (b)x300%x1/2

(a) " (b)

Photo 7 HAZ microcracks developed in multipass fillet welds of Steel NA20.
(a) Cracks in cruciform-shaped specimen (X 300 x 1/2)

(b) Cracks in tee-shaped specimen (x500x 1/2)
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